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PREDICTION OF LATERAL DYNAMIC RESPONSE OF 
SINGLE PILES EMBEDDED IN FINE SOILS 
Shamsher Prakash, F., ASCE Houda Jadi, M., ASCE 
University of Missouri-Rolla University of Missouri-Rolla 
Rolla, Missouri-USA-65409 Rolla, Missouri-USA-65409 
ABSTRACT 
The lateral dynamic response of a single pile predicted by analytical models often yields higher natural frequencies and lower resonan 
amplitudes than those determined in field tests. This has been related to overestimated soil’s shear modulus and radiation dampin 
i 
used in the calculations of the response. The objective of this study was to determine a simple method to improve the theoretica 
predictions, primarily those of piles embedded in clay or fine silty sands. Accordingly, reduction factors to the soil’s shear modulu 
and radiation damping were proposed. These factors were related to the shear strain at predicted peak amplitudes. 
INTRODUCTION 
Prediction of the lateral dynamic response is essential for the 
design of pile foundations subjected to dynamic forces. For 
correct predictions, it is necessary to accurately evaluate the 
dynamic pile stiffness and damping for various modes of 
vibration. Discrete, continuous, and finite elements models 
have been used to simulate the soil-pile interaction and to 
generate numerical values for the dynamic stiffness and 
damping of the soil-pile system. Experimental investigations, 
however, have shown that the predicted dynamic response 
based on theoretical stiffness and damping values will yield 
higher natural frequencies and lower resonant amplitudes than 
those measured in the field. This is illustrated in Figure 1, 
which shows a typical field measured response versus 
analytically predicted response of a single pile (Glel 1981). 
Previous studies (Novak and Grigg, 1974, Gle, 1981, and 
Blaney, 1983) have shown that these discrepancies were 
related to overestimated soil’s shear modulus and radiation 
damping, which would respectively result in higher natural 
frequencies and lower resonant amplitudes. The purpose of 
this study was to evaluate appropriate reduction factors for 
stiffness and radiation damping determined using the 
analytical approach developed by Novak and El-Sharnouby 
(1983). 
EXPERIMENTAL TESTS DATA 
The experimental tests conducted by Gle (1981), on pipe-piles 
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Fig. 1. Typical Response Curve Predicted Analytically attd 
Measured in the fieldfor a single Pile (Gle, 1981) 
of 12.75 and 14 inch outside diameter have been used in thi 
study. Gle tested four different single steel pipe piles at tw 
different sites in Southeastern Michigan. The soil profile 
these sites was predominantly composed of clayey soils. 
i 
Eat 
pile was tested at several vibrator-operating speeds. A total o 
eighteen dynamic lateral tests were conducted in clayey an 
silty sand media. 
The testing equipment consisted of a static weight attached 
the pile head to reduce the frequency of the soil-pile system 
measurable values, a lazan oscillator providing a sinusoid 
forcing function, and velocity transducers to record 
velocities of the mass at each frequency. Equipment to run 
seismic cross-hole tests for determination of soils dynamic 
properties consisted of geophones, oscilloscopes, a scope 
camera, a slope indicator, and a trigger circuit. 
Subsurface data 
The dynamic tests were conducted at two different sites in 
southern Michigan; St. Clair site and Belle-river site. The first 
site is located by the St. Clair River, about half way between 
the cities of St. Clair and Marine City, Michigan. The upper 
10 to 1.5 feet of soil consisted of a clayey sand backfill behind 
an existing sheet pile retaining wall. Below the cohesive 
backfill the soils consisted of soft to medium stiff silty clays, 
under which lies a granular soil. Bedrock was encountered at 
a depth of about 125 feet. A complete description of the soils 
at this site is shown in Figure 2. One shear wave velocity 
profile was obtained to a depth of 25 feet adjacent to the test 
pile. The results of this test are presented in Table 1. 
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Fig. 2. Subsurface Soil Profile for St. 
Clair Site (After Gle, 1981) 
The second site (i.e. Belle-river site) is located inland from the 
St. Clair River, approximately one mile west of the St. Clair 
Site. The subsurface soil at this site consist of soft to medium 
stiff silty clay overlying granular soils down to shale bedrock 
at a depth of approximately 160 feet. A full description of the 
soils encountered at the site is shown in Figure 3. Cohesive 
soils within the upper 100 feet were uniform throughout the 
site. Therefore only one seismic cross-hole test was needed. 
The shear wave velocity profile was determined to a depth of 
50 feet. Results of the shear wave velocity testing for this site 
are presented in Table 2. 
Table 1. Shear Wave Velocity Profile at St. Clair Site 
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Fig. 3. Subsurface Soil Profile for Belle 
River Site (Afier Gle, 1981) 
Pile Data 
All dynamic pile tests were performed on 14 inch and 12.75 
inch outside diameter steel pipe piles. The piles were driven 
with a single-acting-air-steam hammer and were overall tested 
a short time after driving. At the St. Clair site, one pile test 
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Table 2. Shear Wave Velocity Profile at Belle River 
Site (After Gle, 1981). 
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was conducted. The pile was designated as LF16, and had 
12.75 inches outside diameter with a 0.375-inch wall thickness 
throughout the entire length of the pile. The pile was inserted 
into a pre-drilled hole of 12 inches diameter and 115 feet deep, 
then raised and lowered until it reached a depth of 90 feet. A 
hammer was then seated on the pile head to drive it to its 
ultimate depth of 127 feet. 
At Belle River Site, Three dynamic pile tests were conducted 
on three 14 inch isolated pipe piles. The lower 60 ft section of 
the piles had a 0.375-inch wall thickness. The upper lOO-foot 
section had a 0.188-inch wall thickness. The piles were 
installed in pre-drilled boreholes of 15.5 inch diameter and 
140 to 150 feet deep. Initially, the piles were allowed to free 
fall 70 to 90 feet under their own weight. Then, under the 
weight of a driving hammer, which was seated on the piles 
head, the piles were pushed for an additional distance of 40 to 
75 feet. The piles were afterwards top driven to within 10 to 
15 feet of the ground surface and a steel pipe mandrel was 
inserted the full length of the piles which were then driven into 
bedrock. The three piles tested at Belle River site were 
designated as K16-7, GP13-7 and L1810. Pertinent 
information on all four piles is presented in Table 3. 
METHOD OF ANALYSIS 
The method of analysis used in this study can be summarized 
by the following steps: 
Step 1. Field data obtained from lateral dynamic tests 
performed on full-scale single piles embedded in clayey soils, 
were collected. The data collected for this study involved 
Gle’s (198 1) eighteen lateral dynamic tests on four full-scale 
pipe piles of 14 and 12.75 inch outside diameter. 
Pile Designation 1 LF 16 1 K 16-7 1 GP 13-7 1 L1810 1 
Length (ft) 1 127 1 160 1 157 1 158 1 
Pre-drill length (ft) I 115 I 146 I ISO 1 140 I 
Weight on Pile 
(lbs) 
Concrete filled 
2882 2880 2880 2880 
No No No No 
Number of tests 
conducted 
I 
4 6 3 5 
Step 2. Theoretical dynamic response was computed for the 
test piles, using Novak and El-Sharnouby’s (1983) analytical 
solution for stiffness and damping constants. 
Step 3. Field test results were compared with the predicted 
response in terms of amplitude-frequency curves. 
Step 4. The soil’s shear modulus and radiation damping used 
for the response calculations were arbitrarily reduced, such 
that measured and predicted natural frequencies and resonant 
amplitudes matched. 
Step 5. The soil shear strains were calculated at predicted 
peak amplitudes for each pile test, using Kagawa and Kraft’s 
expression (1980). 
(1 + V) A 
Y = (1) 2.5 *B 
Where, 
v = Poisson’s ratio 
A = Computed resonant amplitude 
B = Effective diameter of the pile 
Step 6. The reduction factors obtained from step 4 were 
plotted versus shear strain computed in step 5. From the 
resulting plots, two quadratic equations were developed to 
determine the shape of the shear modulus reduction factor (ho) 
versus shear strain curve, and the shape of the radiation 
damping reduction factor (ho versus shear strain. 
Step 7. For all the pile tests considered in this study, the 
empirical equations determined in step 6 were used to 
calculate shear modulus and radiation damping reduction 
factors. Predicted responses before and after applying the 
proposed reduction factors were then compared to the 
measured response. 
Step 8. To validate this approach, the proposed equations 
were used to calculate shear modulus and radiation damping 
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reduction factors for different sets of field pile tests. The tests 
considered were conducted on full-scale piles subjected to 
lateral dynamic loading. The new predicted response was then 
compared to the measured response. 
Dvnamic Resoonse Computations 
To compute the lateral dynamic response of the single piles 
considered, it is necessary to determine the stiffness and 
damping constants of the soil-pile-pile cap system. The 
analytical model developed by Novak and El-Sharnouby 
(1983) was utilized for these computations. The dynamic 
response of the soil-pile-pile cap system was represented with 
a coupled sliding and rocking two-degree-of-freedom solution. 
The following equations were used to determine undamped 
natural frequencies (Jadi, 1999): 
Solving equation (2) for o “‘, we obtain: 
The two roots of equation (3), yield the two undamped natural 
frequencies: 
f Wn1.2 ” 1.2 =2 
(4) 
where 
K,, K,, and K,, = Translational, rotational, and cross-stiffness 
constants, respectively. 
m = Mass of the foundation 
M, = Mass moment of inertia of the mass about a horizontal 
axis passing through the center of gravity. 
w = Circular excitation frequency 
Damped amplitudes for rocking and sliding were determined 
as follows: 
- When the system is excited by horizontal force only: 
P f&z - 









A, = sliding ‘amplitude 
A, = rocking amplitude 
A = matrix determinant of the equation of motion is given by 
equation (7). 
A=' 
- When excited by moment only, sliding and rocking 
amplitudes are determined as follows: 
M [K$ + o*Cx,*] x A=- 
mMm A 
(8) 




- When both horizontal force and moment are applied, the 
resulting amplitudes of sliding and rocking may be obtained 
by adding the corresponding solutions from equations (5&8) 
and (6&9): 
A, = 
The final amplitude ‘A’ is then determined by: 
Where, 
A=A,+LA@ (12) 
L = distance from pile head to the transducer location in the 
mass plates or pile cap. 
Stiffness and Damping Constants (Novak and El-Sharnouby, 
1983). 
- Horizontal Translation: 
K, =qfX, 
r0 
HP IP cx = x fx2 (13) 
- Rotation of the pile head in the vertical plane 0: 
K, d=f$, 
r0 
HP IP C) = - f@2 (14) 
vs 
-Coupling between Horizontal vibration and rotation: 
K,, =qf,+, o,. =Ef,(, (13 
r0 0 
where, 
E, = Young’s modulus of the pile 
I, = Moment of inertia of the pile cross- section. 
r 0 = Effective pile radius 
fxl 9 fl$ I 9 fx,, = Stiffness parameters as defined by Novak and 
El- Sharnouby, 1983 
f f X2 , +, 2, fXo2 = Damping parameters as defined by Novak and 
El-Sharnouby, 1983. 
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Developing Equations for Novak’s Stiffness and Damoinq 
Parameters. 
To best evaluate Novak’s stiffness and damping parameters 
for values of E,/ G, that are not specified in Novak’s tables, a 
series of equations directly relating these parameters to the 
ratio EdG,, have been developed. These equations were 
determined using ‘curve fitting techniques. Based on the 
values given in Novak’s tables, plots of E, / G, ratio versus 
stiffness and damping parameters have been constructed for 
soils with Poisson’s ratio of 0.25 and 0.4 (Jadi, 1999). Figures 
4 and 5 show typical exact and fitted curves for the stiffness 
parameter f,t and damping parameter fX2 for soils with 
Poisson’s ratio (v) of 0.25, respectively. These equations are 





, 0-i I 
0 2000 4000 6000 6000 10000 
E& 
Fig. 4. Exact and Fotted Curve for Stiffness Parameter fxl 






0 2000 4000 6000 6000 10000 
Ep/Gs 
Fig 5. Exact and Fotted Curve for Stiffness Parameter fx2 for 
Soils with Poisson’s Ratio of 0.25 (Jadi, 1999). 
For the analysis of data in this study, the dynamic soil 
properties (shear wave velocity and shear moduli) presented in 
Table 5 were used. The values of soil’s shear wave velocity 
and unit weight were averaged to a depth of 25 feet for the St. 
Clair Site and 50 ft for Belle River site. In addition, the test 
piles consisted of non-filled steel pipe piles. As such the pile 
radius had to be adjusted to an effective value to match the 
pile’s moment of inertia, calculated using the following 
equation (Prakash and Sharma, 1990): 
d 
4*1 
r. = 4- (16) 7t 
Where, 
I = moment of inertia of the pile. 
Table 5. Soil properties. 
Table 4. Stiffness and damping Parameters for Piles with 1 /R 
v = 0.4 
>30 for Parabolic soil Profile (Jadi, 1999-Based on 
Novak and El-sharnoubv’s data. 1983) 
Site St. Clair Belle River 
Mean Bulk Unit Weight, pcf 120 115 
325 
f+’ = (Ep/Gs)+lp50+0~‘53 
43 
fxr’ =-((EplGs)+ 450 t 0.0112) 
fx2 
34 
= (Epl Gs ) + 200 + o.oo33 
270 
f$+2= + 0.12 
(EpICis)+ 
64 
fQa = - ( (Ep, & ) + 3oo + 0.0225) 
f.1 = (EpK:;+ 180+0’oo’ 
fOl = (Ep,~~p+,ooo+o.15 
fw= -qEp,$+ 498+oo113) 




fw=- qEp,G;;+ 360+o.025) 
1 ft./s 
1 Average Shear Wave velocity, 
I 
1 450 1 500 1 
Comnarison of Experimental and Analvtical Results 
Based on the method of analysis previously 
discussed, amplitude-frequency curves for each test performed 
on the test piles were generated. Figure 6, shows a typical 
computed amplitude-frequency curve and the corresponding 
measured response for Pile K16-7 (0 =5”). This figure shows 
that predicted lateral dynamic response yields a higher 
resonant natural frequency of 17.42 Hz compared with 
measured natural frequency of 12.5 Hz. This plot also shows 
computed resonant amplitudes of 0.001288 inches compared 
to the measured resonant amplitude of 0.0031 inches. 
Resonant amplitudes and natural frequencies of the measured 
and predicted lateral dynamic response of the St. Clair test pile 
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(LFl6) and Belle River Test Piles are presented in Tables 6, Table 7. Measured and Predicted Resonant Amplitudes and 
and 7, respectively. Frequencies for the Test Piles at Belle River Site. 
Measured vsComputed Response 
Pile KlE7.0 P 9, Belleriver Slte 
10 20 30 40 50 50 
Frequency, M 
Fig. 6. Measured vs Predicted Lateral Dynamic 
Response qf Pile K16-7 (0 = 5”) 
Table 6. Measured and Predicted Resonant Amplitudes and 
Frequencies of Pile LF16 at St. Clair Site. 
Pile Lazan Measured Predicted Measured Predicted 
“8” fo (Hz) fn A,, (Inch) A,, 
(Hz) (Inch) 
LF 16 5 21 17.22 0.0022 0.00104 
1 LF 16 1 7.5 1 20 1 17.22 1 0.0016 1 0.00156 1 
LF 16 10 20.5 17.22 0.005 0.0021 
LF 16 I5 19 17.22 0.01 0.00311 
The soil’s shear modulus plays a key role in determining the 
lateral dynamic response. It is usually determined in the field 
or in the laboratory and corresponds to its in-situ value. The 
in-situ value of the shear modulus might not be representative 
of the value of the shear modulus within the vicinity of the 
pile, mainly due to soil disturbance in that area. 
Consequently, the stiffness values determined using the i&situ 
value of the shear modulus (“Gs”) are often higher than the 
observed stiffness in the field. Similarly, large radiation 
damping result in lower predicted resonant amplitudes 
compared with measured values. The large values of the soil- 
pile stiffness result in a higher natural frequency value, than 
measured. Typical predicted amplitude-frequency plots for 
test piles GP13-7(8 = 2.5”) and LF16 (0 = 10”) are presented 
as Figures 7, and 8, respectively. 
ADulication of Arbitrary Reduction Factors 
Arbitrary correction factors were applied to the soil’s shear 
modulus and radiation damping, for each individual pile 
response such that predicted and measured amplitude- 
frequency curves match. First, the soil’s shear modulus was 
reduced such that observed and predicted natural frequencies 
Paper No. 6.50 
Measured ~8 Computed Response Pile GP 13-7 
0 = 2.9. BellerIver Slt.9. 
Fig. 7. Measured vs Predicted Lateral Dynamic 
Response of Pile GP13-7 (0 = 2.5”) 
tallied within 0.0001 9%. Radiation damping, including all 
thret damping constants (translational, rotational, and coupled 
translational-rotational) were then equally reduced. Reduction 
was gradually applied until predicted resonant amplitudes 
agreed with the measured resonant amplitudes within 0.01 %. 
This procedure was performed for all dynamic tests 
considered. Table 8, presents the values of arbitrary reduction 
factors used to match observed and predicted lateral dynamic 
response for all tests piles. 
6 
L 
Fig. 8. Measured vs Predicted Lateral Dynamic 
ResponseofPile LF16(t?= IO”) 
Table 8. Arbitrary Reduction Factors Used to Match 
constructed. Figure 9 shows ho versus shear strain, and 
Figure 10 shows hc. Versus shear strain. Quadratic equations 
defining ho and hc as a function of shear strain were 
developed using the least squares Parabola method for 
polynomial fitting using 14 data points for hi and 11 data 
points for Ac. 
Predicted with Observed Response for all Test Piles. 0-l I 
O.E+OO l.E-04 2.E-04 3.E.04 4.E-04 5.E-04 6.E-04 7.E-04 
-Excluded data points Strain 
Fig. 9. Strain versus Shear Modulus Correction factor 
0.6+00 1.6-04 2.6-04 3.6-01 4.6-04 5.6.01 6.6.04 7.604 
Strain 
Fig. 10. Strain versus Radiation Damping Correction factor 
These equations are: 
+ Predicted natural frequency was lower than measured 
++ Predicted resonant amplitude was higher than measured 
h, =-353500 y* - 0.00775 y + 0.3244 (17) 
h, = 2176000 y2 - 1905.56 y + 0.6 (18) 
Correlation of Obtained Reduction Factors with Shear Strain Where shear strain y is less than 10M3. 
Shear strain corresponding to the resonant amplitude was 
calculated for each’ test pile. The computations of shear strain 
values were based on the predicted dynamic response, using 
the following expression by Kagawa and Kraft,1980 (given by 
Equation 1). 
Measured and Predicted ResDonse Before and After Applying 
Suggested Corrections 
The reductions factors obtained were then correlated to 
calculated shear strain values at predicted resonant amplitudes; 
Shear modulus correction factors ‘ho” were plotted versus the 
corresponding shear strain values. Similarly, plots of radiation 
damping correction factors ‘hc” versus shear strain were 
At this point, it was necessary to check equations (17) and 
(18) for all pile tests. The predicted response of the test piles 
was modified using shear modulus and radiation damping 
reduction factors as computed from proposed equations. 
Figure 6, showed the predicted versus measured lateral 
dynamic response of pile K16-7 (0 = 5 deg). Figure 11, shows 
the same predicted response of pile K16-7 (0 = 5 deg), but 
with applied arbitrary reductions factors, whereas Figure 12 
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1.2 -I I 
0.6 -I I 




presents the predicted dynamic response of the same pile K16- 
7 (0 = 5’) only, with reduction factors determined from 
equations (17) and (18). 
Table 9, presents measured and predicted natural frequency 
values for all test piles. This table also shows, for the same 
piles, the values of natural frequencies as computed with 
arbitrary shear modulus reduction factors, and frequencies 
computed with proposed shear modulus reduction factors. 
Similarly, Table 10 presents resonant amplitude values, 
including measured resonant amplitudes, predicted resonant 
amplitudes, predicted resonant amplitudes with arbitrary 
reductions, and predicted resonant amplitudes calculated with 
proposed reduction factors for all test piles. 
0 
0 10 20 30 40 50 60 
Frequency. Hz 
Table 9. Natural Frequencies Determined By Measurement, 
Prediction, and Prediction with Arbitrary, and 
Proposed Shear Modulus Reduction Factors. 



























Pile Measured Predicted 










17.42 12.04 Fig. 1 I. Measured vs Arbitrarily Reduced Lateral Dynamic 
Response of Pile K16-7 (0 = s”) 10 
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Frequency. Hz I 
Fig. 12. Measured vs Predicted Lateral Dynamic Response with 
Proposed Reduction factors for Pile K16-7 (6 = 5”) 
l Shear modulus has not been reduced because predicted natural frequency 
was lower than measured, i.e. opposite to the general observations 
(Predicted are generally higher than measured). These figures demonstrate that a very good agreement was 
reached between ‘measured and predicted response when 
appropriate reductions to the soil’s shear modulus and 
radiation damping were applied. Figure 12, shows a good 
match between measured and predicted response upon 
application of the proposed reduction factors (using equations 
17 and IS). Similar group of plots (measured versus predicted 
response, measured versus arbitrarily reduced response, and 
measured versus reduced response with proposed shear 
modulus and radiation damping reduction factors calculated 
using equations 17 and 18) were determined for all pile tests 
considered in this study (Jadi, 1999). 
As can be seen from these tables, the measured and predicted 
natural frequencies using proposed reduction factors tallied 
within 0.1 to 4 %. Likewise, the measured and predicted 
resonant amplitudes using proposed reduction factors tallied 
within a minimum of 0% to a maximum of 8 %. 
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Table1 1. Resonant Amplitudes Determined By Measurement, 
Prediction, and Prediction with Arbitrary and 
Proposed Radiation Damping Reduction Factors for 
All Test Piles. 
Pile “8” Measured Predicted Predicted Predicted A 
A (inch) A (inch) Awith with 
arbitrary proposed 
reduction reduction 
I (inch) factor (inch) 
Klb-7 1 5 1 0.0031 1 0.00128 1 0.003021 1 0.002833 
Klb-7 7.5 0.008 0.00193 0.00765 0.00672 
K16-7 10 0.01 0.0026 0.00964 0.00797 
K16-7 15 0.016 0.00384 0.0161 0.0165 
Klb-7 20 0.02 0.005 I3 0.019155 0.02 
K16-7 30 0.0240 0.00765 0.0237 0.0272 
GP 13-7 2.5 0.0012 0.00064 0.00118 0.00112 
GP 13-7 5 0.0013 0.00128 0.00124 0.0022 
GP 13-7 7.5 0.002 0.00193 0.00204 0.00193’ 
L1810’ 2.5 0.0012 0.00064 0.001195 0.0011 
Ll810 5 0.0011 0.0013 0.00107 0.00114’ 
L1810 7.5 0.0018 0.00193 0.00171 0.00172’ 
L1810 10 0.0024 0.00256 0.00232 0.0023’ 
L1810 15 0.0034 0.00384 0.0033 0.00335 
LF16 5 0.0022 0.00104 0.00219 0.0022 
LF 16 7.5 0.0016 0.00156 0.00162 0.00156’ 
LF16 10 0.005 0.00207 0.00482 0.0054 
LFl6 15 0.01 0.00311 0.0102 0.0106 
‘Radiation damping has not been reduced because predicted resonant 
amplitude was higher than measured opposite to the general observations 
( Predicted are generally lower than measured). 
Validating the ProDosed Correction Factors with Different 
Sets of Field Test Data 
To confirm the validity of the proposed shear modulus and 
radiation damping ‘reduction factors, lateral dynamic response 
of different sets of experimental data were calculated first 
without reduction factors and then using the proposed 
reduction factors (equations 17 and 18). Two series of 
experimental data were analyzed. For both sets of 
experimental tests, the lateral dynamic response was computed 
using a two degree of freedom system, and was based on the 
analytical model by Novak and El-Sharnouby (1983) for 
stiffness and damping constants. The first set consisted of 
Blaney’s (1983) lateral dynamic tests. These tests were 
performed on a single concrete-filled pipe pile of 10.75 inches 
in diameter, which was embedded in the clayey soils of the 
campus of university of Houston Texas. Blaney (1983) 
carried out two lateral dynamic tests on the single pile, 
designated as Pile I. The first test was performed with a ‘WES 
‘(Waterways Express Station) vibrator. For the second test a 
‘FHWA’ (Federal Highway Administration) vibrator was 
used. 
Figure 13 shows the predicted lateral dynamic response versus 
the measured response for the first test. This figure 
demonstrates a discrepancy between measured and predicted 
response. Figure 14 presents the predicted response computed 
with suggested shear modulus and radiation damping 
reduction factors and measured lateral dynamic response of 
the same pile. As can be seen from this figure, predicted 
response with proposed reductions and measured response 








012 3 4 5 6 7 8 910 
Frequency, Hz 
Fig. 13. Measured vs Predicted Lateral Dynamic 





Fig. 14. Measured vs Reduced Predicted Lateral Dynamic 
Response of Pile I -WES Vibrator (no = 0.31, & =0.5) 
Similarly, Figures 15 and 16 show the measured and predicted 
response of the same pile tested with a FHWA vibrator and 
with different cap weight, before and after applying proposed 
reduction factors, respectively. These figures illustrate that 
the predicted response with proposed reduction factors 
compares much better to the measured response. The site 
where the pile was installed was located on the campus of 
University of Houston Texas where the soils consisted of high 
plastic clays. 
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Fig. 15. Measured vs Predicted Lateral Dynamic 
Response of Pile I -FHWA Vibrator 
Fig. 17. Measured vs Predicted Lateral Dynamic Response 








012 3 4 5 6 7 8 910 
heqrency,k 
Fig. 16. Measured vs Reduced Predicted Lateral Dynamic 
Response of Pile I -FHWA Vibrator (& = 0.32, & = 0.54) 
The second set of experimental data considered herein for 
validation of the proposed method, consisted of Novak and g 
Grigg’s (1974) lateral dynamic test. This test was performed 
on a small single pile embedded in a very fine silty sand layer. 
Novak and Grigg actually conducted dynamic tests on 2.4” 
and 3.5” diameter single piles and a group of 4 piles of 2.4” 
diameter, however, only one single pile was tested under 
lateral loading. Figure 17 shows the measured and predicted 
lateral dynamic response of the 2.4 inch diameter pipe pile. 
Figure 18. shows the measured and predicted lateral dynamic 
response computed with the proposed reductions for the same 
pile. As can be seen, the predicted response with proposed 
reductions becomes much closer to the measured response. 
The comparative analysis presented herein validates the 
effectiveness of the proposed reduction factors for piles 
embedded in clayey soils. 
+A measured 
0 20 40 60 
Frequency, Hz 
Fig. 18. Measured vs Reduced Predicted Lateral Dynamic 
Response of the 2.4” Pile tested by Novak and 
Grigg.1976 ((& = 0.044, & = 0.34) 
CONCLUSIONS 
Data from a series of full-scale lateral dynamic field tests 
performed on single piles (Gle, 1981) were analyzed and 
compared with the corresponding computed lateral dynamic 
response. The predicted response considered the soil-pile- 
mass system as a two degrees of freedom system, using the 
Novak and El-Sharnouby’s (1983) analytical model for 
stiffness and damping calculations. The following conclusions 
were drawn: 
1. Predictions of the lateral dynamic response of piles 
can be improved by applying adequate reductions to 
the soil’s shear modulus and radiation damping. 
2. A simple method, based on the analysis of actual 
dynamic filed tests data is proposed to provide 
appropriate shear modulus and radiation damping 
reduction factors. These reduction factors were 
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related to the shear strains at predicted resonant 
amplitudes (Equations 17 &18). 
3. The proposed reduction factors were verified through 
their use with the field tests considered in this study 
(Gle, 1981), and validated through their use with 
different sets of lateral dynamic field tests (Blaney, 
1983, and Novak and Grigg, 1974). 
4. The proposed reduction factors have proven to be 
efficient for more accurate predictions of lateral 
dynamic response of single piles, embedded in clayey 
or silty sandy soils, thus providing the practicing 
engineer with a quick and efficient tool to better 
estimate the field’s response of piles under lateral 
dynamic loading. 
5. Although the proposed reduction factors have proven 
to be of great value in reducing the computed 
dynamic response to closely agree with the measured 
one, more analysis is needed to further refine the 
proposed relationships. In addition, more dynamic 
field tests on full-scale pile foundations need to be 
conducted to further confirm the proposed reductions, 
and provide data to work with for investigations of 
pile group foundations, including an examination of 
the effect of pile group. 
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